Thiamin:ATP pyrophosphotransferase (EC2.7.6.2) activity from soybean (Merr.) seedlings grown for 48 hours was determined by measuring the rate of 12-14Clthiamin incorporation into thiamin pyrophosphate. With partially purified (11-fold) This reaction has been demonstrated and characterized in extracts from mammalian (6, 12), microbial (17, 19), and botanical (13, 15) systems. However, there is a dearth of information on higher plant TPTases4, especially as to their possible significance in seedlings. Some survey work that indirectly implies the presence of TPTases in other plant species has been reported (22), but the bulk of available information is concerned with the enzyme from parsley leaves (13-15).
routinely conducted at a final pH of 8 This reaction has been demonstrated and characterized in extracts from mammalian (6, 12) , microbial (17, 19) , and botanical (13, 15) systems. However, there is a dearth of information on higher plant TPTases4, especially as to their possible significance in seedlings. Some survey work that indirectly implies the presence of TPTases in other plant species has been reported (22), but the bulk of available information is concerned with the enzyme from parsley leaves (13) (14) (15) .
Many seeds are purportedly devoid ofthe phosphorylated forms of thiamin (22) but we have not found this to be true for soybeans (16) . The apparent lack of TPP in some seeds (22) may result partially from the rapid dephosphorylation of TPP during seed maturation as reportedly occurs in sunflower (2) . Since (5). Thiamin compounds were located and assayed for radioactivity as described above. Thus, specific activity was defined as cpm (from putative, labeled TPP)/,tg TPP (from unlabeled, authentic TPP).
Phosphatase Assay. Phosphatase activity was determined by measuring the amount of nitrophenol formed by the enzymecatalyzed hydrolysis of nitrophenyl phosphate. The reaction mixture (final volume, 500 IlI) contained 300 ,u TPTase assay buffer, 100 ,ul 10 mm nitrophenyl phosphate, and 100 ,ul partially purified enzyme. The reaction was initiated by the addition of nitrophenyl phosphate and incubated at 37 C for 10 min. The reaction was stopped by the addition of 0.8 ml 1.0 N NaOH before bringing the mixture to a volume of 4 (6, 11, 15, 19) . Reaction rates remained linear for at least 2 h (r2 = 0.97 at 95% confidence interval), similar to the TPTases from parsley leaves (15) and rat brain (6) (Table  II) . Except for AMP, all the compounds tested were active as substrates, but rates of TPP formation were reduced considerably when ADP and xanthosine tri-P were used in place of ATP. Similar results have been reported (11, 12, 17) ; however, after subsequently greater purification, TPTase activity sometimes is limited to specific nucleotides (8, 12) . Soybean extracts may have Two ml were added to a 1.5-x 30-cm column consisting of 5 cm Sephadex G-25 (top) and 25 cm Sephadex (bottom). Elution was effected at a flow rate of 6 ml/h using 50 mm Tris-HCI (pH 7.6) and 10 mM ,B-mercaptoethanol. Each fraction represents I ml eluate.
been capable of catalyzing nucleotide interconversion. Mano (I 1, 12), for example, reported the presence ofadenylate kinase activity in animal tissue preparations and its presence cannot be ruled out here.
When purified to homogeneity, parsley leaf (14) and brewer's yeast (20) TPTases exhibited activity with all of the nucleoside tri-P. Consequently, Voskoboev et al. (20) proposed that these TPTases be renamed thiamin:NTP pyrophosphotransferase, where the NTP refers to any nucleoside tri-P. The present findings with partially purified soybean TPTase also support such a revision.
Enzyme Purification. The purification protocol was similar in many respects to that of Mitsuda et al. (15) . One change was the use of Sephadex G-150 column chromatography (Fig. 3) in place of DEAE-cellulose (15) as the final purification step (Table III) . Even though considerable phosphatase activity co-eluted with TPTase in both procedures, filtration through Sephadex G-150 effected a greater purification with less variation per extraction (Table III) . Fraction III protein separated into eight discernible bands during polyacrylamide gel electrophoresis (W. T. Molin, unpublished data), indicating the presence of enzymes other than phosphatase and TPTase. Attempts were not made to purify soybean TPTase further; we did find subsequently that a rapid, short-term heating of extracts (to 60 C) in the presence of thiamin (4) may prove fruitful in future purification studies.
Effect of pH. TPTase activity in Fraction III protein was determined over a pH range of 5.8 to 9.0 using Tris-maleate, Tris, or Tris-glycine to buffer the assay mixture (Fig. 4) (Table I) . In preliminary experiments, we did not observe any monophosphotransferase activity that could account for the TP production. However, Phaseolus seed extracts do contain such activity and effectively transfer phosphate from flavin mononucleotide to thiamin (9) . This reaction was maximal at pH 5.7 and ceased at pH 8.0.
In order to preclude the possibility of monophosphotransferase activity (9) and eliminate most of the phosphatase activity (Fig.   4 18.3 mM, respectively. For thiamin, the apparent Km of soybean TPTase was about 34 times greater than that for parsley leaf (15) and rat brain (6) TPTases. The apparent Km for ATP (Table IV) was approximately 20-fold greater than that obtained for the parsley leaf enzyme but was equivalent to that determined for rat brain TPTase. The apparent Km values for CTP, UTP, and GTP were all significantly lower than that for ATP (Table IV) . The low apparent Km for thiamin relative to those for the nucleoside tri-P (Table IV) suggests that, in soybean seedlings, the concentration of ATP or other nucleoside tri-P may play an important regulatory role in modulating the activity of TPTase. This is supported further by the observation that, under our assay conditions, soybean TPTase was completely inactive with respect to TPP formation in the presence of ATP concentrations of I mM or less.
Inhibition of TPTase Activity. A number of compounds were tested in a preliminary experiment at a final concentration of 0.5 mm for efficacy in inhibiting TPTase activity (Table V) . Pyrithiamin, TPP and pCMB significantly reduced TPTase activity, whereas the other compounds were largely without effect. TPP is a noncompetitive inhibitor of parsley leaf TPTase (14) , whereas pyrithiamin competitively inhibits rat brain TPTase (6) . At 0.5 mM, pCMB inhibited soybean TPTase in variable fashion as indicated by the large standard deviation (Table V) . Nevertheless, the reduction in TPTase activity in the presence of pCMB was Plant Physiol. Vol. 66, 1980 
